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Organization and Outline

@ Spiritus Movens: a Parable from Collider Physics
@ A Simple, Practical Problem in Quantum Chromodynamics
9 The Physical Vernacular of the S-Matrix: On-Shell Observables
@ Physically Observable Data Describing Asymptotic States
@ Beyond (Mere) Scattering Amplitudes: On-Shell Functions
@ Basic Building Blocks: S-Matrices for Three Massless Particles
Q The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
@ Building-up Diagrams with “BCFW” Bridges
@ On-Shell (Recursive) Representations of Scattering Amplitudes
@ Exempli Gratia: On-Shell Manifestations of Tree Amplitudes
e The Combinatorics of Scattering (and Grassmannian Geometry)
@ Combinatorial Classification of On-Shell Functions in Planar SYM
@ Canonical Coordinates, Computation, & Auxiliary Grassmannian

© The Ongoing Revolution: Toward a Complete Reformulation of QFT
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Supercomputer Computations in Quantum Chromodynamics

Consider the amplitude for two gluons to collide and produce four: gg — gggg.
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The cross sections for the elementary
two—four processes have not been calculated, and their
complexity is such that they may not be evaluated. in the
foreseeable future. It is worthwhile to seek estimates of
the four-jet cross sections, even if these are only reliable in
restricted regions of phase space.
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THE CROSS SECTION FOR FOUR-GLUON PRODUCTION
BY GLUON-GLUON FUSION

Stephen J. PARKE and T.R. TAYLOR
Fermi National Accelerator Laboratory, P.O. Box 500, Batavia, IL 60510 USA

Received 13 September 1985

The cross section for two-gl to four-gh ing 1s given in a form suitable for fast
numerical calculations.
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The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations A Simple, Practical Problem in Quantum Chromodynamics
The Combinatorics of Scattering (and Grassmannian Geometry)

The Discovery of Incredible, Unanticipated Simplicity

They soon guessed a simplified form of the amplitude (checked numerically):
—which naturally suggested the amplitude for all multiplicity!

B (ab)*
~(12)(23)(34)(45)(56)(61)

072 (A-)

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations A Simple, Practical Problem in Quantum Chromodynamics
The Combinatorics of Scattering (and Grassmannian Geometry)

The Discovery of Incredible, Unanticipated Simplicity
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—which naturally suggested the amplitude for all multiplicity!

B (ab)*
C(12)(23)(34)(45) - (n1)
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The Physical Vernacular of the S-Matrix: On-Shell Observables Physically Observable Data Describing Asymptotic States
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations Beyond (Mere) Scattering Amplitudes: On-Shell Functions
The Combinatorics of Scattering (and Grassmannian Geometry) Basic Building Blocks: S-Matrices for Three Massless Particles

On What Data Does a Scattering Amplitude Depend?

A scattering amplitude, .4,,, can be a generally complicated(?) function of all
the physically observable data describing each of the particles involved.
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® m, mass

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables Physically Observable Data Describing Asymptotic States
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations Beyond (Mere) Scattering Amplitudes: On-Shell Functions
The Combinatorics of Scattering (and Grassmannian Geometry) Basic Building Blocks: S-Matrices for Three Massless Particles

On What Data Does a Scattering Amplitude Depend?

A scattering amplitude, .4,,, can be a generally complicated(?) function of all
the physically observable data describing each of the particles involved.

Physical data for the ath particle: |a)

e p" momentum, on-shell: p>—m>=0

&>
I

® m, mass

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables Physically Observable Data Describing Asymptotic States
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations Beyond (Mere) Scattering Amplitudes: On-Shell Functions
The Combinatorics of Scattering (and Grassmannian Geometry) Basic Building Blocks: S-Matrices for Three Massless Particles

On What Data Does a Scattering Amplitude Depend?

A scattering amplitude, .4,,, can be a generally complicated(?) function of all
the physically observable data describing each of the particles involved.

Physical data for the ath particle: |a)

e p" momentum, on-shell: p>—m>=0

&>
I

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables Physically Observable Data Describing Asymptotic States
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations Beyond (Mere) Scattering Amplitudes: On-Shell Functions
The Combinatorics of Scattering (and Grassmannian Geometry) Basic Building Blocks: S-Matrices for Three Massless Particles

On What Data Does a Scattering Amplitude Depend?

A scattering amplitude, .4,,, can be a generally complicated(?) function of all
the physically observable data describing each of the particles involved.

Physical data for the ath particle: |a)

e p" momentum, on-shell: p>—m>=0

&>
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e o, spin, helicity h, € {og,...,—04}
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i ) numbers of a (color, flavor, .. .)

Although a Lagrangian formalism requires that we use polarization tensors,
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the physically observable data describing each of the particles involved.
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e 0, spin, helicity h,=+0, (m;=0)
e g, all the non-kinematical quantum
i ) numbers of a (color, flavor, .. .)

Although a Lagrangian formalism requires that we use polarization tensors,
it is impossible to continuously define polarizations for each helicity state
without introducing unobservable (gauge) redundancy—e.g. for o, =1:

€a ~ €4 + alpa)py

Such unphysical baggage is almost certainly responsible for the incredible
obfuscation of simplicity in the traditional approach to quantum field theory.

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables Physically Observable Data Describing Asymptotic States
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations Beyond (Mere) Scattering Amplitudes: On-Shell Functions
The Combinatorics of Scattering (and Grassmannian Geometry) Basic Building Blocks: S-Matrices for Three Massless Particles

On What Data Does a Scattering Amplitude Depend?

A scattering amplitude, .4,,, can be a generally complicated(?) function of all
the physically observable data describing each of the particles involved.

Physical data for the ath particle: |a)

e p" momentum, on-shell: p>—m>=0

An

e 0, spin, helicity h,=+0, (m;=0)
e g, all the non-kinematical quantum
i ) numbers of a (color, flavor, .. .)

Although a Lagrangian formalism requires that we use polarization tensors,
it is impossible to continuously define polarizations for each helicity state
without introducing unobservable (gauge) redundancy—e.g. for o, =1:

€a ~ €4 + alpa)py

Such unphysical baggage is almost certainly responsible for the incredible
obfuscation of simplicity in the traditional approach to quantum field theory.

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables Physically Observable Data Describing Asymptotic States
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations Beyond (Mere) Scattering Amplitudes: On-Shell Functions
The Combinatorics of Scattering (and Grassmannian Geometry) Basic Building Blocks: S-Matrices for Three Massless Particles

On What Data Does a Scattering Amplitude Depend?

A scattering amplitude, .4,,, can be a generally complicated(?) function of all
the physically observable data describing each of the particles involved.

Physical data for the ath particle: |a)

e p" momentum, on-shell: p>—m>=0

An

e 0, spin, helicity h,=+0, (m;=0)
e g, all the non-kinematical quantum
i ) numbers of a (color, flavor, .. .)

Although a Lagrangian formalism requires that we use polarization tensors,
it is impossible to continuously define polarizations for each helicity state
without introducing unobservable (gauge) redundancy—e.g. for o, =1:

€a ~ €4 + alpa)py

Such unphysical baggage is almost certainly responsible for the incredible
obfuscation of simplicity in the traditional approach to quantum field theory.

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables Physically Observable Data Describing Asymptotic States
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations Beyond (Mere) Scattering Amplitudes: On-Shell Functions
The Combinatorics of Scattering (and Grassmannian Geometry) Basic Building Blocks: S-Matrices for Three Massless Particles

Broadening the Class of Physically Meaningful Functions

We are interested in the class of functions involving only observable quantities
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Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables Physically Observable Data Describing Asymptotic States
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations Beyond (Mere) Scattering Amplitudes: On-Shell Functions
The Combinatorics of Scattering (and Grassmannian Geometry) Basic Building Blocks: S-Matrices for Three Massless Particles

Broadening the Class of Physically Meaningful Functions

We are interested in the class of functions involving only observable quantities

On-Shell Functions: networks of amplitudes, .4,, connected by any number
of internal particles, i €/, forming a graph I" called an “on-shell diagram”.
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Momentum conservation and Poincaré-invariance uniquely fix the kinematical
dependence of the amplitude for three massless particles (to all loop orders!).
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Xada = Aada = Aada — A and - ApAp = Aphs = Ay + A1,
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(0
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Very complex on-shell diagrams can be constructed by successively
adding “BCFW” bridges to diagrams (an extremely useful tool!):
a b a b a

Adding the bridge has the effect of shifting the momenta p, and p,,
flowing into the diagram fj according to:
Xada = Aada = Aa(Aa—aXp) and ApAp = Mg = (A +ada) A,
introducing a new parameter «, in terms of which we may write:
do o~
f(...,ab,...) = —fo(...,a,b,...)’

(0
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A, = Ay(c—0) ocyf‘ij An(0)

a=0
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We can use Cauchy’s theorem to trade the residue about av=0 for (minus)
the sum of residues away from the origin:
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A, = Ay(c—0) oc?{ An(0)
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a=0
We can use Cauchy’s theorem to trade the residue about av=0 for (minus)
the sum of residues away from the origin:
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Consider adding a BCFW bridge to the full n-particle scattering amplitude
the undeformed amplitude A, is recovered as the residue about ov=0:

~ do ~
A, = Ay(c—0) o<7{“ An(0)
(6%
a=0
We can use Cauchy’s theorem to trade the residue about ov=0 for (minus)

the sum of residues away from the origin: |_
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The Analytic Boot-Strap: All-Loop Recursion Relations

Consider adding a BCFW bridge to the full n-particle scattering amplitude
the undeformed amplitude A, is recovered as the residue about ov=0:
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We can use Cauchy’s theorem to trade the residue about av=0 for (minus)
the sum of residues away from the origin—these come in two types:
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The Analytic Boot-Strap: All-Loop Recursion Relations

Consider adding a BCFW bridge to the full n-particle scattering amplitude
the undeformed amplitude A, is recovered as the residue about ov=0:

~ do ~
Ay = Ay(0—0) oc?{ An(0)
«
a=0
We can use Cauchy’s theorem to trade the residue about av=0 for (minus)
the sum of residues away from the origin—these come in two types:
factorization-channels
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The Analytic Boot-Strap: All-Loop Recursion Relations

Consider adding a BCFW bridge to the full n-particle scattering amplitude
the undeformed amplitude A, is recovered as the residue about ov=0:

~ do ~
A, = Ay(c—0) oc?{ An(0)
«
a=0
We can use Cauchy’s theorem to trade the residue about av=0 for (minus)
the sum of residues away from the origin—these come in two types:
factorization-channels and forward-limits
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Observations regarding recursed representations of scattering amplitudes:
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@ on-shell diagrams can often be related in surprising ways

How can we characterize and systematically compute on-shell diagrams?
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Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

On-shell diagrams can be altered without changing their associated functions
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<~ <~
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Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:
Starting from any leg «, turn:
@ left at each white vertex;

<~ <~

30« GY

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:
Starting from any leg «, turn:
@ left at each white vertex;

<~ <~

30« GY

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:
Starting from any leg «, turn:
@ left at each white vertex;

<~ <~

30« GY

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:
Starting from any leg «, turn:
@ left at each white vertex;

<~ <~

30« GY

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:
Starting from any leg «, turn:
@ left at each white vertex;

<~ <~

30« GY

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:
Starting from any leg «, turn:

@ left at each white vertex;
@ right at each blue vertex.

<~ <~

30« GY

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:

Starting from any leg a, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !
3 3

<

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:

Starting from any leg «, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !
3 3

<

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:

Starting from any leg «, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !
3 3

<

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:

Starting from any leg «, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !
3 3

<

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:

Starting from any leg «, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !

Let o(a) denote where path terminates. Y /

<~ <~

=

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’:

Starting from any leg «, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !

Let o(a) denote where path terminates. Y /

<~ <~

=

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’

Starting from any leg «, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !

Let o(a) denote where path terminates. Y /

<~ <~

=

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’

Starting from any leg «, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !

Let o(a) denote where path terminates. Y /

<~ <~

=

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’

Starting from any leg «, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !

Let o(a) denote where path terminates. Y /

<~ <~

=

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’

Starting from any leg «, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !

Let o(a) denote where path terminates. Y /

<~ <~

=

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’

Starting from any leg «, turn: 2
@ left at each white vertex;
@ right at each blue vertex. 1 !

Let o(a) denote where path terminates. Y /

<~ <~

=

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’.
Recall that different contributions to AS) were related by rotation:

. 4 3 4
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Recall that different contributions to AS) were related by rotation:

0 3 4
5

3 ) 1 6

left-right permutation o

1 2 3 45 6
o )
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Recall that different contributions to AS) were related by rotation:

0 3 4
5

3 ) 1 6

left-right permutation o

1 2 3 45 6
J:(i 1 )
3 5

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QFT




The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
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These moves leave invariant a permutation defined by ‘left-right paths’.
Recall that different contributions to AS) were related by rotation:

6 3

left-right permutation o

1 2 3 4 5 6
J:(i AN )
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These moves leave invariant a permutation defined by ‘left-right paths’.
Recall that different contributions to AS) were related by rotation:

3 4

left-right permutation o

1 2 3 4 5 6
J:<¢¢¢¢ >
3561
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These moves leave invariant a permutation defined by ‘left-right paths’.
Recall that different contributions to AS) were related by rotation:

3 4

left-right permutation o
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Combinatorial Characterization of On-Shell Diagrams

These moves leave invariant a permutation defined by ‘left-right paths’.
Recall that different contributions to AS) were related by rotation:

left-right permutation o

123456
a:(iiiiii)
356124
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Recall that different contributions to AS) were related by rotation:
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The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams

Notice that the merge and square moves leave the number of ‘faces’ of an
on-shell diagram invariant.
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Combinatorial Characterization of On-Shell Diagrams

Notice that the merge and square moves leave the number of ‘faces’ of an
on-shell diagram invariant. Diagrams with different numbers of faces
can be related by ‘reduction’
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Combinatorial Characterization of On-Shell Diagrams

Notice that the merge and square moves leave the number of ‘faces’ of an
on-shell diagram invariant. Diagrams with different numbers of faces
can be related by ‘reduction’—also known as ‘bubble deletion’:
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can be related by ‘reduction’—also known as ‘bubble deletion’:

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Combinatorial Classification of On-Shell Functions in Planar SYM
Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Combinatorial Characterization of On-Shell Diagrams
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Combinatorial Classification of On-Shell Functions in Planar SYM
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Combinatorial Characterization of On-Shell Diagrams

Notice that the merge and square moves leave the number of ‘faces’ of an
on-shell diagram invariant. Diagrams with different numbers of faces
can be related by ‘reduction’—also known as ‘bubble deletion’:

Bubble-deletion does not, however, relate ‘identical’ on-shell diagrams:
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Combinatorial Classification of On-Shell Functions in Planar SYM
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Combinatorial Characterization of On-Shell Diagrams

Notice that the merge and square moves leave the number of ‘faces’ of an
on-shell diagram invariant. Diagrams with different numbers of faces
can be related by ‘reduction’—also known as ‘bubble deletion’:

Bubble-deletion does not, however, relate ‘identical’ on-shell diagrams:

e it leaves behind an overall factor of da/ v in the on-shell function
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Combinatorial Classification of On-Shell Functions in Planar SYM
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Combinatorial Characterization of On-Shell Diagrams

Notice that the merge and square moves leave the number of ‘faces’ of an
on-shell diagram invariant. Diagrams with different numbers of faces
can be related by ‘reduction’—also known as ‘bubble deletion’:

Bubble-deletion does not, however, relate ‘identical’ on-shell diagrams:

e it leaves behind an overall factor of da/ v in the on-shell function
@ and it alters the corresponding left-right path permutation
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Combinatorial Characterization of On-Shell Diagrams

Notice that the merge and square moves leave the number of ‘faces’ of an
on-shell diagram invariant. Diagrams with different numbers of faces
can be related by ‘reduction’—also known as ‘bubble deletion’:

Bubble-deletion does not, however, relate ‘identical’ on-shell diagrams:

e it leaves behind an overall factor of da/ v in the on-shell function
@ and it alters the corresponding left-right path permutation

N
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Combinatorial Characterization of On-Shell Diagrams

Notice that the merge and square moves leave the number of ‘faces’ of an
on-shell diagram invariant. Diagrams with different numbers of faces
can be related by ‘reduction’—also known as ‘bubble deletion’:

Bubble-deletion does not, however, relate ‘identical’ on-shell diagrams:
e it leaves behind an overall factor of da/ v in the on-shell function
@ and it alters the corresponding left-right path permutation

AlY
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Combinatorial Characterization of On-Shell Diagrams

Notice that the merge and square moves leave the number of ‘faces’ of an

on-shell diagram invariant. Diagrams with different numbers of faces
can be related by ‘reduction’—also known as ‘bubble deletion’:

Bubble-deletion does not, however, relate ‘identical’ on-shell diagrams:
e it leaves behind an overall factor of da/ v in the on-shell function
@ and it alters the corresponding left-right path permutation

Such factors of dav/ v arising from bubble deletion encode loop integrands!

oos =

AlY
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Canonical Coordinates for Computing On-Shell Functions

Recall that attaching ‘BCFW bridges’ can lead to very rich on-shell diagrams.
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Canonical Coordinates for Computing On-Shell Functions

Recall that attaching ‘BCFW bridges’ can lead to very rich on-shell diagrams.
Conveniently, adding a BCFW bridge acts very nicely on permutations:
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Recall that attaching ‘BCFW bridges’ can lead to very rich on-shell diagrams.
Conveniently, adding a BCFW bridge acts very nicely on permutations:
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Recall that attaching ‘BCFW bridges’ can lead to very rich on-shell diagrams.
Conveniently, adding a BCFW bridge acts very nicely on permutations:
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Recall that attaching ‘BCFW bridges’ can lead to very rich on-shell diagrams.
Conveniently, adding a BCFW bridge acts very nicely on permutations:
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Recall that attaching ‘BCFW bridges’ can lead to very rich on-shell diagrams.
Conveniently, adding a BCFW bridge acts very nicely on permutations:
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Canonical Coordinates for Computing On-Shell Functions

Recall that attaching ‘BCFW bridges’ can lead to very rich on-shell diagrams.
Conveniently, adding a BCFW bridge acts very nicely on permutations:
it merely transposes the images of ¢!
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Recall that attaching ‘BCFW bridges’ can lead to very rich on-shell diagrams.
Conveniently, adding a BCFW bridge acts very nicely on permutations:
it merely transposes the images of ¢!
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Canonical Coordinates for Computing On-Shell Functions

Recall that attaching ‘BCFW bridges’ can lead to very rich on-shell diagrams.
Read the other way,
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Read the other way,
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Recall that attaching ‘BCFW bridges’ can lead to very rich on-shell diagrams.
Read the other way, we can ‘peel-off” bridges and thereby decompose
a permutation into transpositions according to o = (ab) o o’
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Canonical Coordinates for Computing On-Shell Functions

There are many ways to decompose a permutation into transpositions

‘Bridge’ Decomposition

123456
o+ + 4414
3567810
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Canonical Coordinates for Computing On-Shell Functions

There are many ways to decompose a permutation into transpositions

‘Bridge’ Decomposition

123456
Ll
{356 7 810}
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):

2 4 56
+4 41
56 7 810}

)

W
W

Jo {
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):

] 2.3 45 6 123456
+dd T
fo{3 567 810}

Jo

- )
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):

] 2.3 45 6 1 23456
A
fof3 567810},

Jo

- )
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):

do
fo="—

/1 — —
o] ‘Bridge’ Decomposition

)

1 2 3456 123456
e N
fof3 567810},

fi{53 67810}

Ji

- )
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):

do
fo="—

/1 — —
o] ‘Bridge’ Decomposition

1 2 3456 2 56
S5 7 8i0)

12

3 810}%23;

)

T

W <— =

Jod
Hi{s

O W
RS PENN

Ji

- )
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):

doy dan
To ap Qo S2 ‘Bridge’ Decomposition
1 2345 6 123456
1Ll 7
fo{3 567 810}(12)
fi{5367 810}(23)
{56 7 810}

b

\ /
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):

doy dan
fo= a o f2 ‘Bridge” Decomposition
] 2 3456 123456
1444 7
fo3 567810},
Ails 367 810),7
ffs 637 810375

b

\ /
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There are many ways to decompose a permutation into transpositions—e. g.,
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fo3 567810},
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
_daydog daz day

fo= SRR, — -
o] k ‘Bridge’ Decomposition
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e N
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
_daydog daz day

fo= SHEREL T,

o] ‘Bridge’ Decomposition
6 1 23456

1Ll 7

fo{3 567 810}(12)

fi{5367 810}(23)

L{56 278 10}<12)

f3{6 5 7 8 10}(24)

fa{6 7 258 10}(12)
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy dan dos doy dos

fo=—"———f n— -
Qp p Qa3 o4 Qs ‘Bridge’ Decomposition

1 23456 123456
T T
fo{3 567 810}(12)
fis5367 810}(23)
HL{56 7810}<12)
Q {6537 810},
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy dan dos doy dos

fo=—"———f n— -
Qp p Qa3 o4 Qs ‘Bridge’ Decomposition

1 23456 123456
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f3 567810},
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fi{s 607 810}
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy dan dos doy dos dogg

fo= T TR T TR T - -
Qp Gy a3 Q4 Q5 Qg ‘Bridge’ Decomposition

123456 1234506
1444 7
f3 567810},
fi{5 3678100,
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy dan dos doy dos dogg

fo= T TR T TR T - -
Qp Gy a3 Q4 Q5 Qg ‘Bridge’ Decomposition

123456 123456

1444 7

f3 567810},

£153 67 810}%23)

P ?g 6 %78 10{“2)
537810

g— fi{67 5810}82
{76 35 810}

b 60 (45)

[ p foll 6 58 510,50
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy dan das doy dos dog doc

fo= TR IR T - -
Qp Qp a3 04 Q5 Q Q7 ‘Bridge’ Decomposition

1 2 3 456 123456
T
fol3 567 810}(12)
fi{5367 810}(23)
S ?g 6 37 8 10{“2)
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy dan das doy dos dog doc

fo= TR IR T - -
Qp Qp a3 04 Q5 Q Q7 ‘Bridge’ Decomposition

123456 123456
I L 7
fo{3 567 810}(12)
fi{s367 810}(23)
S ?g 6 37 8 10{“2)

3{6 5 37 810
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog

fo= ap an 3 u Qs Qg a7 ag fs ‘Bridge” Decomposition
] 2 3456 123456
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fo3 567810},
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3 £l 657810}
3 fi{6 s 37 810},
filo 73 5 810}
? 60 fs{7 6 35 810}(45)
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog

R T - -
o] ‘Bridge’ Decomposition

123456

A A
fi{53 67810}
55637 810}82
file 557 810},
fifs 735 81037
{7 655810}, 0
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog

o ol S u
Qp Qp a3 04 Q5 Qg Q7 Qg ‘Bridge’ Decomposition

1 2 3456 123456
JEL LT 7

f2{5 6 3 7 810}
(12)

f:{6 5 3 7 810}
Q= 506735 810}82
60 fs{7 635 810}(45)
fo{7 6 3 8 10}(24)
f7{ 6 10}(46)

\_ J fs { }
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog
=== -
Q) ap a3 4 Qs Qg Q7 Qg Bridge’ Decomposition
1 2 3456 123456
{1l T

fs{6 5 3 7 810}

5067358 10}8‘2‘;
? o fs{7 6 35 810}(45)
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog
=== -
Q) ap a3 4 Qs Qg Q7 Qg Bridge’ Decomposition
1 23456 123456
{1l T

fi{6 7 25 810}

{76 35 810}
© £ 638 510)

& fid 6 510}

\_ J fs { }
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
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. ) R 1(46)
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doy don das doy dos dog dog dog
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=TI (#@e0)) TI(#)
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Canonical Coordinates, Computation, & the Auxiliary Grassmannian

Canonical Coordinates for Computing On-Shell Functions

There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog

o ol S -
Qp Qp a3 04 Q5 Qg Q7 Qg ‘Bridge’ Decomposition

123456
A
do d - ~
fr =2 S (0) 632 (0 X) 623 (A ¢
Qg ag
f3{6 5 7 810}
1 2 3 4 5 6 6 7 5 810 (24)
1 s Q4Qs 6 5 810 (12)
Cc= 1 (Ca+ag) gy 6 8 510 (45)
1 g Og 6 510 (24)
(24): Cq4— Cq+QqcCp (46)
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog

o ol S -
Qp Qp a3 04 Q5 Qg Q7 Qg ‘Bridge’ Decomposition

123456

S T
b :@ %53“(077)53”(0})62“()\-CJ‘)

@ : A{5 607810}
6 5 7 810 §24

1 2 3 4 5 6 6 7 5 810
I (+as) Q40 6 25 810 (12
C= 1 4+ ay) agar 6 8 10 (45
1 Qg Qg 6 10 (24
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog

o ol S -
Qp Qp a3 04 Q5 Qg Q7 Qg ‘Bridge’ Decomposition

123456
A N

=t %53”(077)63“(0})62“()\-CL) fi{5367810}
o o5 (23)
5637810 (12)
65 27 810 (24)
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There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog

fo= ap an 3 u Qs Qg a7 ag fs ‘Bridge” Decomposition
123456
hESeT 80
0
fo =4 %63”(077)53“(0»62”()\-CL) 53678102
aq ag (23
56 7 810 (12
6 5 7 810 (24
1 2 3 4 5 6 6 7 5 810
1 1+az+as) axlaz+as) agas 6 5 810 (12
C= 1 [e%) (O[4+(X7) (670 %] 6 8 10 (45
1 g Og 6 510 (24
(12): c)— Cy2+ ey (46
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Canonical Coordinates for Computing On-Shell Functions

There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog

fo= 7107(737475767778]% ‘Bridge’ Decomposition
123456
hE5ET i
dov d N ~ 0
fo =200 L D08 gaxa 0752 (C.X) P CY T 05 3 6 7 810} %)
aq ag (23)
56 7 810 (12)
6 5 7 810 24
1 2 3 4 5 6 6 7 5 810 (24)
1 1+az+as) axlaz+as) agas 6 5 810 (12)
C= 1 ; (Ca+ag) gy 6 8 10 (45)
1 g Og 6 10 (24)
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Canonical Coordinates for Computing On-Shell Functions

There are many ways to decompose a permutation into transpositions—e. g.,
always choose the first transposition 7= (a b) such that o(a) <o (b):
doy don das doy dos dog dog dog

fo= 7107(737475767778]% ‘Bridge’ Decomposition
123456
hE5ET i
dov d N ~ 0
fo =200 L D08 gaxa 0752 (C.X) P CY T 05 3 6 7 810} %)
aq ag (23)
56 7 810 (12)
6 5 7 810 24
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1 1+az+as) axlaz+as) agas 6 5 810 (12)
C= 1 ; (Ca+ag) gy 6 8 10 (45)
1 g Og 6 10 (24)
(46)

A\

Monday, 13t April 2015 Joint NBIA-Oxford Colloquium  The Vernacular of the S-Matrix: A Revolutionary Reformulation of QF T



The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
The Combinatorics of Scattering (and Grassmannian Geometry)

Representations of Loop Amplitudes via Recursion
Parke-Taylor’s Guess, Thirty Years Later

On-Shell Recursion of Loop-Amplitude Integrands

Let’s look at an example of how loop amplitudes are represented by recursion.
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Parke-Taylor’s Guess, Thirty Years Later

On-Shell Recursion of Loop-Amplitude Integrands

Let’s look at an example of how loop amplitudes are represented by recursion.
For Aftz)’,l the only terms come from the ‘forward limit’ of the tree AS)’O:
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Representations of Loop Amplitudes via Recursion
Parke-Taylor’s Guess, Thirty Years Later

On-Shell Recursion of Loop-Amplitude Integrands

Let’s look at an example of how loop amplitudes are represented by recursion.

For Ag the only terms come from the ‘forward limit’ of the tree .A (3).0,

2 3
4
1
_i_
I I
1 n
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On-Shell Recursion of Loop-Amplitude Integrands

Let’s look at an example of how loop amplitudes are represented by recursion.
For Ag the only terms come from the ‘forward limit’ of the tree .A (3).0,

2 3

4
1
| I
1 n
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Let’s look at an example of how loop amplitudes are represented by recursion.

For Ag the only terms come from the ‘forward limit’ of the tree .A (3).0,
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On-Shell Recursion of Loop-Amplitude Integrands

Let’s look at an example of how loop amplitudes are represented by recursion.

For Af)’,l the only terms come from the ‘forward limit’ of the tree AS)’O:

2 3 3
1 4 1 4 1 4
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For Ag the only terms come from the ‘forward limit’ of the tree .A (3).0,

gy () )
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On-Shell Recursion of Loop-Amplitude Integrands

Let’s look at an example of how loop amplitudes are represented by recursion.

For Aftz)’,l the only terms come from the ‘forward limit’ of the tree AS)’O:
2 3

/ d*v

LeR3!
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Let’s look at an example of how loop amplitudes are represented by recursion.

For Aftz)’,l the only terms come from the ‘forward limit’ of the tree AS)’O:
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LeR3!
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On-Shell Recursion of Loop-Amplitude Integrands

Let’s look at an example of how loop amplitudes are represented by recursion.
For Aftz)’,l the only terms come from the ‘forward limit’ of the tree AS)’O

23
42\ d2
4 1
I1 I
[ & /Voch o {11) [l
LeR3! A[/\[+(1A|)\4)€1R3 !
1 4
1 n
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On-Shell Recursion of Loop-Amplitude Integrands

Let’s look at an example of how loop amplitudes are represented by recursion.
For .Aftz)’,l the only terms come from the ‘forward limit’ of the tree AS)’O

2 3
d)\id)\
4 i
11 1
et & [EE gy
LER! e,(AIA[JraA.M)eRM
1 4
2 2 2 2
(2),0 14 (€+p1) (l+p1+p2) (€—pa4)
log| —— | dl —— 2 |dl 1
A /""g((e 6>2>d°g<<€—€*>2 Aot )Mo\ (e
LeR3!
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On-Shell Recursion of Loop-Amplitude Integrands

Let’s look at an example of how loop amplitudes are represented by recursion.
For Aftz)’,l the only terms come from the ‘forward limit’ of the tree A?)’O

2 3
d\id-)\
4 A,
Il |
[ & /VIGL (1) fal]
LER! (= (/\[/\[+¢1A|)\4)€R371
1 4
2 2 2 2
2),0 ¢ (L+p1) (L+p1+p2) (£—p4)
log[——— ] dl ——Z2_]dl 1
A oty o s Yt Yt
LeR3!

- Agz)’ox/d%g : (P1+p2)*(P3+p4)°

e 2(6+p1)?(C+p1+p2)*(€—pa)?
cR3;
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The Physical Vernacular of the S-Matrix: On-Shell Observables
The On-Shell Analytic S-Matrix: All-Loop Recursion Relations
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Representations of Loop Amplitudes via Recursion
Parke-Taylor’s Guess, Thirty Years Later

Pushing Parke and Taylor’s Amplitude Beyond Tree-Level

Not long ago, Cristian Vergu determined the next-to-next-to leading order
corrections to Parke and Taylor’s formula for the amplitude: gg—gg--- g
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The two-loop MHV amplitudes in A" = 4 supersymmetric
Yang-Mills theory
. Vergu®
Physics Department, Brown University, Providence, RI 02912, USA

Abstract

We compute the even part of the planar two-loop MHV amplitude in A/ = 4 supersymmetric

Yang-Mills theory, for an arbitrary number of external particles. The answer is express

of conformal integrals.
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@ expanding into a basis of
70 integrand topologies

The two-loop MHV amplitudes in A" = 4 supersymmetric
Yang-Mills theory
C. Verga*
Physics Department, Brown University, Providence, RI 02912, USA
Abstract
We compute the even part of the planar two-loop MHV amplitude in A = 4 supersymmetric
Yang-Mills theory, for an arbitrary number of external particles. The answer is expressed as a sum

of conformal integrals.
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corrections to Parke and Taylor’s formula for the amplitude: gg—gg--- g
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‘generalized unitarity’, and

@ expanding into a basis of
70 integrand topologies

o the final formula: 11 pages
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corrections to Parke and Taylor’s formula for the amplitude: gg—gg--- g
@ using techniques based on PA——

‘generalized unitarity’, and

@ expanding into a basis of
70 integrand topologies

o the final formula: 11 pages
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The two-loop MHV amplitudes in A" = 4 supersymmetric
Yang-Mills theory m
e * 1 ]
C. Vergu G
Physics Department, Brown University, Providence, RI 02912, USA
Abstract
We compute the even part of the planar two-loop MHV amplitude in A = 4 supersymmetric 1,
-
Yang-Mills theory, for an arbitrary number of external particles. The answer is expressed as a sum
of conformal integrals.
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We compute the even part of the planar two-loop MHV amplitude in A/ = 4 supersymmetric
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Spiritus Movens: Even More Shocking Simplicity Exists...

Quite recently, del Duca, Duhr, and Smirnov determined the 2-loop, 6-particle
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